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We follow the convention of Goldberger and Watson to define the meson-baryon scattering

amplitudes. The normalization of states are : < ~k|~k
′

>= δ(~k − ~k
′

) for plane wave states,
and < φα|φβ >= δα,β for bound states. The T -matrix elements are related to S-matrix
elements by

SMB,M ′B′ = δMB,M ′B′ − 2π i δ(EMB − EM ′B′) TMB,M ′B′ (1)

Note that the ”− ” sign in the right side of the above equation is opposite to the ”+ ” sign
used by the other partial-wave analysis groups such as SAID.

The formula for calculating the meson-baryon scattering cross sections given here are

in the center of mass system. For the process M(~k) + B(−~k) → M ′(~k
′

) + B′(−~k
′

) the
differential cross section can be written as
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iIn the above equation, the incoming and outgoing momenta k and k′ are defined by the
invariant mass W

W = EM(k) + EB(k) = EM ′(k′) + EB′(k′) , (3)

where Eα(k) =
√

m2
α + ~k 2 with mα being the mass of particle α, and the phase-space factor

is

ρMB(k) = π
kEM(k)EB(k)

W
. (4)

The scattering amplitude < M ′B′|t(W )|MB > in Eq. (2) can be calculated from the partial-
wave amplitudes tJTL′S′M ′B′,LSMB(k

′, k,W ) as
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where < jmj|j1j2mj1mj2 > is the Clebsch-Gordon coefficient for the ~j1 + ~j2 = ~j coupling,
[(jMmjM ), (iMmiM )] and [(jBmjB), (τBmτB )] are the spin-isospin quantum numbers of mesons
and baryons, respectively; (JMJ)((TMT )) are the total angular momentum (total isospin),
(LML) ((SMS)) are the relative orbital angular momentum (total spin) of the considered
two-body systems.

By choosing the incoming momentum ~k in the quantization z-component, the total
MB → M ′B′ cross sections are

σtot
MB→M ′B′(W ) =

∫

dΩk′
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dΩk′
. (6)
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By optical theorem and the above partial-wave expansion, one can get the πN → X total
cross sections averaged over the initial spins:
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where MT = miπ +mτN , and sN = 1/2 is the nucleon spin.
The ANL-Osaka partial-wave amplitudes tJTL′S′M ′B′,LSMB(k

′, k,W ) can be obtained from
the following quantities presented on the webpage:

< M ′B′|T (W )|MB >= −ρ
1/2
M ′B′(k′)tJTL′S′M ′B′,LSMB(k

′, k,W )ρ
1/2
MB(k) , (8)

for MB,M ′B′ = πN, ηN,KΛ, KΣ and W = Wth − 2000 MeV, where Wth is the lower one
of the two threshold energies mM +mB and mM ′ +mB′ . The phase space factors ρMB(k)
and ρM ′B′(k′) are defined by Eq.(4).
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